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ABSTRACT

The upper-atmosphere rocket sounding
system described in this report is in
operation at White Sands Missile Range,
New Mexico, and is representative of the
systems in operation at 22 other locatims
which serve as deteorological Rocket Net-
work stations. Basic system canponents
and tho theory of operation are discussed,
The various facilities and operational
procedurcs described may serve as a
guide to my group which plans to use
such a system for obtaining measurements
of stratospheric temperature and wind,
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I . INTRODUCTTION

The upper-atmosphere rocket sounding system herein described
is that which is presently in operation at White Sands Missile
Range (WSMR), New Mexico and is representative of the systems that
are in operation at many other locations.* It is hoped that the
various system facilities and operational procedures which have
been developed over a period of several years and which are des-
cribed herein will serve as a useful guide to any group which plans
to make use of such a system for obtaining temperature and wind
measurements in the stratosphere.

The basic system components are listed and the theory of
operation of the system is outlined in Section II. The succeed-
ing sections describe in considerable detail each of these items
and are a compilation of information related to the Arcas rocket
temperature and wind sensing system that was obtained from the
personnel at WSMR who perform the various operations and from the
several publications pertaining to the various aspects of the
overall system.

II. A SUMMARY OF T HE BASTIC

SYSTEM COMPONENTS AND

T HE THEORY O F OPERATION

The basic components and facilities necessary for the effec-
tive operation of the Arcas stratospheric recket sounding system
are:

l. a proper launching range,

2, a rocket launching facility to include rccket storage
building, launching pad, and launching control center,

3. the rocket system to include the rocket motor assembly,
the parachute assembly and the nose-cone assembly (nose-
cone, temperature sensing device and transmitter),

*There are presently 1n operation 23 stations which serve as Meteor-
ological Rocket Network Stations. These stations are listed in
Section XI1 of The Meteorological Rocket Network System.



4. a rocket impact prediction system,
5. an instrument calibration and preparation facility,
6. a ground-based receiver station for the reception of
transmitted temperature data as a function of time,
7. a ground-based radar system for obtaining instrument
position as a function of time,
8. a system for the generation of a time base,
9. an effective communication system between the various
installations, and
10. a data reduction facility to obtain temperatures and
wind velocities as functions of altitude.

Making use of these basic facilities, the Arcas temperature
and wind sensing system is designed to carrxy the temperature
sensing device, parachute and small transmitter, to an altitude
of approximately 240,000 £t (73 km) where the instrument package
is separated from the burned-out rocket and then descends on a
l5-foot diameter radar-reflective parachute. The transmitted
signal is modulated in accordance with the sensor resistance
values (corresponding to sensor temperature values) and received
by a ground-based receilver. The received signal is demodulated
to obtain resistance values as a function of time. From a cali-
bration curve which relates sensor resistance to sensor tempera-
ture, the resistance values are converted to temperature values
corresponding to thermistor temperatures at the position cf the
sengor at time t. The tracking of the radar-reflective parachute
by the ground-based radar system determines the position of the
instrument in terms of slant range, azimuth and elevation angles
as functions of time, (r,¢,06,t). The combining of the sensor and
radar data serves to determine the temperature and wind velocities
as functions of altitude. Figure 1 is a plctorial representation
of the Arcas rocket temperature and wind sensing system.

III. THE ROCKET RANGE

The following recommendations concerning the selection of
a range and site for the launching of the Arcas rocket system are
based upon information gained from the firing of many Arcas rock-
ets at WSMR and upon a study made by the Atlantic Research Cor-
poration (ARC), Alexandria, Virginia,[l]

The range should be relatively free of natural obstructions
+nd within the effective range of the radar and telemetry systems.
Range-safety requirements dictate that a minimum number of people
be exposed to a minimum hazard for a minimum period of time. The
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trajectory of the Arcas rocket system 1s such that the launching
range should include a region which is unpopulated for a radial
distance of at least 55 miles from the launch site in the direc-
tion of the rocket trajectory when the rocket is fired at eleva-
tion angles which are within 10 degrees of vertical. The corres--
ponding range area will then be determined primarily by the vari-~
abilaty of the prevailing surface winds (0 - 10,000 £L, 0 - 3 km)
at the launch site. This is due to the flight characteristics

of the Arcas rocket, the trajectory of which is very much irnflo-
enced by the surface winds. Seventy-six per cent of the baliist.c
wind effect on the Arcas rocket trajectory is caused by the wirds
© iween the surface and an altatude of 2,000 £t (.6 km) with
ninety per cent of the ballistic wind effect being caused by the
winds to an altitude of 10,000 £t (3 km). - These values are wvalid
at a launch speed of 175 ft/sec.

The width of WSMR is approximately 50 miles throughecut its
length which is oriented in a north-south direction. The Arcas
rocket launcher is located at approximately tiie middle of the
southern end of the range with most of the rockets being launched
(in a general northerly direction) at elevation angles which are
between 80 and 87 degrees. _

Arcas rockets have been launched at wind speeds up to 30
miles/hr., Data concerning the Arcas launchings during the yuars
1961, 1962, and 1963,

1961 - 89 launchings
1962 ~ 108 launchings
1963 - 116 launchings

indicate that it was necessary to cancel a scheduled launching
approximately six times per year due to adverse wind conditions,
These cancellations were based upon the empirical rule that a
given rocket launching would be cancelled if the computed ball-
istic wind effect was such that the predicted point of impact
was more than thirty miles from the predicted no=-wind impact
point. Under this restriction, and with the quadrant-elevation
and azimuth angles determined by the Automatic Rocket Impact
Prediction System, all of the rocket motors impacted within the
confines of the range at various distances, none of which ex-
ceeded a value of 40 miles relative to the rocket launcher,

These data are perhaps indicative of an adeguate range area
for the launching of the rocket system. The Automatic Rocket
Inmpact Prediction System is discussed in more detail in a follow-
ing section of this report.



I V. T HE ROCKET LAUNCHTING FACIILITVY

The launching facility consists essentially of the rocket pad
and launcher, the launch control and rocket storage buildings, the
communication and warning systems, and the firing line.

A. THE ROCKET PAD AND LAUNCHER

A concrete pad at least 12 ft square and 8 in thick is re-
guired for mounting the launcher. Specific information with re-
gard to securing the launcher to the pad may be found in the ARC
Manual concerning the Arcas Rocket System.[l] The major component
assemblies of the launcher are the launching tube assembly, the
free-volume-cylinder assembly and the azimuth-table assembly.
These are shown iﬁ Figures 2 and 3. The launching tube assembly
consists of three flanged sections which are bolted together.
Gaskets are used between sections to prevent gas leakage. The
launching fube asscmhly is connected to the free-volume cylinder
"by bolting through the flange on the lower tube section. A gas-
ket is also use . at this junction. The two boasses on the lower
tube section, just above the f£lange, are for connecting the gas
generator pressure hose. The two ztop pins which f£fit holes at
the base of the tube are used to hold the rocket in position when
the launcher is elevated. The free-volume cvlinder is a pressure
vessel for the purpose of retaining entrapped rocket exhaust
gases. The cylinder assembly is mounted on the laun~her azimuth
table assembly thrcugh pillow blocks that permit rotation of the
cylinder through 180¢ in a vertical plane. The gradua.ed sLeva-
tion scale mounted on the quadrants permits direct reading of
the elevation angle. A stop nut assembly can be installed on
the quadrant to limit the elevation angle to the desired maximum
value. Access to the free-volume cylinder is provided through
an opening in the base ¢of the cylinder which is equipped with a
hinged breech plate secured by six clamps. A gasketr is installed
between the breech plate and the bottom of the cylinder assembly.
The breech plate also contains a bulkhead connector to receive
the firing line and the ignitor leads from the rocket motur. A
threaded opening for the installation of the auxillary gas gen-
erator is provided in the side of the free-volume cylinder,

The azimuth-table assembly supports the free=-volume cylin-
der and launching tube and provides a mechanism for rotation of
the launcher assembly through 360° in a horizontal plane. The
base of this assembly must be mounted on a concrete base by using
anchoring bolts in the psd which are inserted through three of
the six mounting lugs on the base. The remaining three lugs con-
tain screws for leveling the table assembly. The azimuth table
rests on the base and is supported by four bearings that ride on
a bearing track in the base, thus allowing the table to rotate



ol

v

ELEVATION SCALE -

FREE-VOLUME CYLINDER
/ - .

L

AUXILIARY
OAS OENERATOR

AZIMUTH LOCK

AZIMUTH-TABLE AND BASE ASSEMBLY

FIGURE 2
MAJOR COMPONENTS OF CLOSED-BREECH ARCAS LAUNCHER
6



FIGURE 3 E
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on the base. The azimuth table is attached to the base anu 1. ¢’
into position through the azimuth table lock. A rubber seal ic
installed ln the bottom of the azimuth tube to keep dust our >’
the bearing track. Two stanchions are an integral part of the
azimuth table. Pillow blocks which support the free-volume cyi n-
der are attached to the top of the stanchions. Two elevation
locks and the elevation index are also mounted on the stanchions.
The azimuth index is mounted on the hase after assembly.

The pranciple of coperation of the Arcas launuicr ..

trated in Figure 4. The free~volume cylinder entraps the
-at gases of the ignited rocket motor. Pressure whiuh

..oped :n r'a cylinder by these entrapped gases exerts a
force on a piston attached to the nozzle end of the rocket thus
accelerating the rocket aleng the tube of the launcher. The
rocket is centered and supported in the tube during launching I+
four plastic spacers which fall away from the rocket along w.th
the piston as the rocket leaves thea launcher.

The auxiliary gas generator, supplied as a separate kit with
the launcher, is a mechanical pressure-activated device that fires
a small propellant charge to generate additional gas pressure in
the free-volumea cylinder of the launcher. The charge is fired by
the action of the gas pressure from the launching tube which is
transmitted through the connecting hose. The gas-generator charge
is fired when the piston is forced inward and the firing pin on
the plston strikes the percussion cap of the charge.

The gas generator plston is retained in the armed pos:t-on
by spring loaded detents until the pressure on the pigtor .8
sufficient to overcome the restraining force of the de'.wnts. The
ploton is then forced past the detenta, firing the charge. In-
creased pressure is thus generated in the launcher as the rocket
travels along the last three-fourths of the launching tube.

The velocities and accelerations realized with the auxiliacy
gas generator are dependent upon which of the two pressure out-
lets in the launcher tube is used for attaching the gas generator
pressure hose, One outlet leads directly irnco the tube and the
use of thia cutlet develops a launching velocity of 230 ft/sec
with a peak launching acceleration of 70 g. This velocity is
adequate for launching the rocket in surface winds up to 25 miles/
hr. The second outlet on the launching tube leads into a duct
that enters the launching tube at a lower point. Use of this out-
let causes the gas generator to fire earlier in the seguence thus
providing a launching velocity of 260 ft/sec with & peak acceler-
ation of 100 g, This velocity is adequate for launching the roc-
ket in surface winds up to 30 miles/hr. The rockets which are
fired without using the auxiliary gas generator attain a launch-
ing velocity of 150 ft/set with a corresponding accele: :tion of
40 g. This velocity is adequate for rocket launchings .n surface



FIGURE 4

PRINCIPLE OF OPERATION OF THE ARCAS CLOSED-BREECH LAUNCHER
9



winds up to 20 miles/hr. The 230 and 260 ft/sec launching velo-
cities increase the peak altitude reached by the rocket vehicle
by approximately 4 and 7 per cent respectively over that achieved
with a launching velocity of 150 ft/sec. More detailed informa-
tion concerning launcher operation and installation procedures
can be found in the ARC Manual.[l) The effect of the surface
winds upon the rocket trajectory is discussed more fully in con-
‘nection with the Automatic Rocket Impact Prediction System.
Figure 5 is a photograph which shows the launching pad configu-
ration at WSMR.

B. THE LAUNCH CONTROL AND ROCKET STORAGE BUILDINGS

Figure 6 is a diagram of a typical launching site layout,
one of many possible designe that might be devised. The dis-
tances indicated in Figure 6 have been established from actual
experience and are conservative estimates for relative safety
from a runaway rocket and fire hazards incurred in dealing with
a Class 2 explosive which is the classification of the Arcas
rocket propellant. Usually distancea will be dictated by local
safuty regulations and ordnance safety requirements at the
given site. Since Class 2 explosives exh?bit a low order of de-
tonation, the greatest hazard is from fire and the quantity-
distance relationships indicated are established upon this basis.
In instances where space is not a problem, the distan:ces may be
increased since those given here are minimum requirements. In-
creased spacing between the launching pad and the launch-~control
building parmits the use of a lower cost construction. The
launching-site at WSMR makes use of an increased spacing between
the various elements of the launching facllity. Figure 7 is a
diagram giving the relative location of the various buildings
which are all cf cement block construction.

c. COMMUNICATION AND WARNING SYSTEMS

All elements of the launching and data acquisition faclili-
ties have direct communication with each other in the form of
voice-radio and telephone. Fifteen minutes before the time of
firing, a warning is given in the form of a giren blast and a
flashing red light is turned on at the location indicated in
Figure 7. The launching pad area and range is then cleared of
all personnel.

D. THE FIRING LINE

A low-resistance, shielded, two~-conductor line capable of
carrying a direct current of 2.0 amps at 110 volts is suitable
for serving as the firing line. It must include provisions for
disconnecting and shunting. The end of the firing line must he
fitted with an MS3106B-145-9P male connector to mate the corres-
ponding female connector provided in the launcher. The firing

10



FIGURE 5

LAUNCHING PAD AT THE SMALL MISSILE RANGE
AT WHITE SANDS MISSILE RANGE, N.M.
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FIGURE 6

LAYOUT OF A TYPICAL ARCAS LAUNCHING SITE
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cable may be buried, strung on poles, or laid on the ground con-
sistent with the specific launch-site requirements for safety

and permanence. Various types of sequences and lock devices

may be used to insure that the rocket cannot be fired acciden-
tally. A 24 volt battery is suitable for supplying the firing
voltage. For convenience, a rectified 110 volt regulated current
source may be used if it is properly designed and shielded. At
WSMR a standard 60 cycle, 110 volt line source is utilized.

V . T HE ARCAS ROCKET

S OUNDING SYSTEM

The Arcas rocket vehicle is fundamentally an end-burning
rocket motor that can accommodate a variety of paylocads. The al-
titude performance of the Arcas vehicle with various payload
elements is shown in Figure 8, for a guadrant elevation angle of
85 degrees. The principal dimensions of the Arcas system de-
signated as Arcas Ex 6-Mod O are shown in Table 1, while a photo-
graph of the Arcas rocket system is shown in Figure 9. The Judi
Rocket ®Wystem is also shown in this figure with reference to the
Judi Rocket System which is described in the Appendix. The pre=~
sently used nose-cone, temperature sensor package (designated as
Delta I) and parachute assembly weigh 3.0, 3.5 and 5.0 lbs re-
spectively, thus giving a total paylocad weight of 11.5 lbs for
the Arcas tdmperature and wind sensing system.

A. THE ROCKET MOTOR ASSEMBLY

The major components of the Arcas vehicle, including the
launching piston, plastic space and ignitor are shown in
Figure 10. The vehicle is powered by a high-performance rocket
motor using an end-burning charge of plastisol=-type solid pro-
pellant. The rocket motor case consists of a one-piece steel
outer casing with an insulating liner. Four hollow aluminum
fins are bonded to the case. The nozzle structure 18 a tapered
graphite insert supported by the tapered after-end of the motor
casa. The steel retairing ring, welded to the head end of the
case, secures the motor head closure and also provides a joint
for the attachfrent for the vehicle payload section, The flange
at the nozzle end nf the motor case is provided for the attach-
ment of the launching piston. A pyrotechnic device for payload
separation is an integral part of the motor head closure. This
device contains a delay column of pyrotechnic material that is
ignited as the combustion of the rocket propellant nears

14
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TABLE 1

PRINCIPAL DIMENSIONS OF THE ARCAS SOUNDING ROCKET

PARAMETER DIMENSIONS - MOD O ARCAS

Length, inches

Over-all 7 90.9
Rocket-motor assembly 60.8
Parachute container . 12.0
Nose-cone assembly ; 18.1
Diameter, inches _ 04.5
Fin span, inches | 13.0
Fin area (4 f£ins), in2 94.0

Internal volume, in?
Parachute container ,' 140.0

Nose~-cone - 170.0

16




FIGURE 9

CONFIGURATION OF TIE ARCAS AND JUDI
ROCKET SYSTEMS
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completion. After burning for a predetermined length of time
(130 sec), the delay column ignites a gas generating charge
that separates the payload from the expended rocket motor at
peak altitude. Figure 1l is a cutaway diagram of the motor
case. The thrust and burning time of the rocket propellant

are such that an average thrust cof approximately 300 lbs for a
period of approximately 30 sec gives a total impulse of approx-
imately 9000 lb-sec to the system.

The temperature range for satisfactory burning of the
rocket is from 0 to 100°F. Temperature limits for storage of
the rocket motor are from 10 to 100°F. The service life of
the rocket motor and igniter is one year from the date of load-
ing. The expiration date is marked on each rocket motor.

The igniter of the rocket motor is installed through the
nozzle just before firing. The igniter employs an electrically
activated squib and 5 grams of pyrotechnic booster compound.
The electrical circuit characteristics of the igniter are given
in Table 2.

B. THE PARACHUTE ASSEMBLY

The Arcas parachute assembly ccnsists of an instrument
mounting base and a radar-reflective parachute (diameter 15 £t)
packaged inside a cylindrical parachute coentainer. A cutaway
diagram of the parachute assembly is shown in Figure 12. The
parachute container is a sealed unit which is attached to the
forward retaining ring of the motor case. A lanyard connects
the after-closure of the parachute container to the head-end
closure of the rocket motor. The instrument package to be used
is attached to the instrument base and inserted into the nose-cone.
When the payload is assembled, the cone is secured to the instru-
ment bases by six steel balls that are held in place by the collar
of the parachute container, The instrument base is attached
to the forward closure of the parachute container by joining the
stud of the parachute container closure with the stop-nut mounted
on the instrument base., A plabtic spacer is used between the
parachute container and the instrument base to absorb some of
the shock of separation. The process for the assembly of the
payload will be outlined in much greater detail in the discussion
of the rocket launching procedure.

The principle of separation of the Arcas payload assembly
is illustrated in Figure 1l3. F.essure generated by the separ-
ation charge acts on the after-closure of the parachute con-
tainer and the pressure is transmitted through the inner c¢cylinder
of the container assembly. The shear pins which secure the for-
ward closure of the parachute container break, thus allowing the
nose-cone, instrument package and parachute pack to be ejected.
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TABLE 2
CIRCUIT CHARACTERISTICS OF THE IGNITER

ITEM VALUE
Maximum no-fire current, amperes 0.30
Maximum recommended test current, amperes 0.10

Circuit resistance (with 36 inches of lead wire) { 0.7 to 1.3
ohms

Minimum recommended firing current, ampcres 2.0

Recommended firing voltage, volts d-c 24 to 110
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The parachute and lanyard retain the after-closure asspmbly of
the parachute container. When the parachute is fully extended
the snap line attached to the crown of the parachute breaks
and the steel balls joining the instrument base and nose-cone
fall away thus allowing the nose-cone to separate from the in-
strument base and package.

Figure 14 gives the dimensions of the parachute and the
configuration of the parachute and payload after expulsion.
The velocity of the fall v of a parachute [2] can be expressed
by the equation,

= =
s Y2 mg/p C Ax

4 + k = V2 mg/C Ax

d

A=

where
m s mass

g = gravitational acceleration

p = density
Cq = drag coefficient
A, = cross-sectional area of chute.

The fall rate of the Gent:x l5-foot diameter parachute with an
instrument package weight of 3.5 lbs is shown in Figure 15.

C. THE NOSE-CONE ASSEMBLY - DELTA I SYSTEM

The block and schematic circult diagrams of the Delta I
Rocketsonde Temperature Sensing and Telemetry System are shown
in Figures 16 and 17 respectively. A photograph of the system
is shown in Figure 18. The system which is presently in use is
an outgrowth of several previous models [3-5]. The system con-
sists of:

l. the telemetry transmitter,

2. the blocking oscillator circuit,

3. the modulator circuit,

4. the variable resistor (dependent on the thermiator
temperature) ,

5. the reference resistor and switching circuit, and

6. the power supply.

The transmitter oscillates at a nominal frequency of 1680
megacycles and generates approximately 500 milliwatts of power
at a plate voltage of 120 volts. This gives an extreme range of
approximately 100 miles for small quadrant elevation angles when
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FIGURE 18

PHOTOGRAPH OF THE DELTA I TEMPERATURE SENSING SYSTEM
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used in conjunction with the Rawin sets AN/GMD-1 and AN/GMD-2
receivers.

The transmitter tube is a radio frequency oscillator of the
pencil~-tube and integral cavity type, RCA-5794A. The antenna is
a brass dipole above (or below) a copper, conically shaped ground-
plane and serves to match the tube impedance to that of the an-
tenna. Figures 19, 20 and 21 are diagrams of the antenna and
ground-plane orlentation and the corresponding relative inten~
gities of the horizontal component of the electric field as de-
termined at a distance of 20 ft from the transmitting antenna.

The blocking oscillator and modulator tube circuits serve
the purpose of converting the variations in resistance of the
thermistor to variable-rate voltage pulses which when applied
to the grid of the transmitter tube cause the tube to cut off
for the duration of each pulse. The pulse~recurrence frequency
of the blocking oscillator is determined by the RC time constant
in the grid circuit of the blocking oscillator tube V3. The
effective resistance in the grid circuit of V3 is determined by
the operating point of tube V2 which in turn depends upon the
value of the resistance in the grid circuit of the modulator
tube V2. This resistance value is determined by the fixed re-
ference reaistor Rf and the temperature variable resistance of
the thermistor. Thus the pulse-recurrence frequéancy of the
blocking oscillator is modified as the resistance of the ther-
mistor changes in accordance with the changes in temperature
of the medium in which it is immersed. The carrier signal from
the transmitter tube is then turned off at the pulse-recurrence
frequency of the blocking oscillator when the pulses occur at
the grid of the tranamitter tube. The carrier is thus pulse-
modulated in accordance with the existing temperature of the
thermistor which corresponds to the temperature ¢f the environ-
ment when the thermistor and its environment are in thermal equi-
librium. The reception and demodulation of the carrier signal is
discussed in connection with the section dealing with the AN/GMD-1
ground-receiving system.

The reference switching circui: serves to short the ther-
mistor from the grid circuit of the modulator tube thus setting
a fixed pulse recurrence frequency for the blocking oscillator
which corresponds to the value of R;. When the voltage across
the fixed capacitor Cg reaches the ignition value of the neon
tube, the capacitor discharges through the grid resistor of the
tube V1. This voltage pulse on the grid of V1 causes the relay
to be energized which then shorts the thermistor to the ground
of the system. The rate of charge of the capacitor C3 is de=-
termined by the time constant RsCs which in turn controls the
cate at which the reference pulse is introduced.
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The power supply for the Delta I system consists of Burgess
alkaline dry cell batteries. The nominal operating voltages
existing at vatrious points in the instrument circuit are indicated
in the schematic diagram of Figure 17. The supply voltages for
the various tubes are:

TUBE BATTERY TYPE AND NUMBER

5875 Plate-120 volts Burgess KT-20 (4 in series)

5794-A Filament-6.5 volts Burgess MN-1500 (5 in
series)

587.5 Filament-l.35 volts Burgess MN-1500 (one for

each tube)

The NE~76 tube fires when the voltage across the tube reaches
a value of 76 volts.

vViI. T HE AUTOMATTIC ROCKET

IMPACT PREDICTION SYSTEM

Before a rocket vehicle is fired there must be a maximum
assurance that, if the vehicle functions properly, it will im-
pact within the designated range area, This is vital from the
standpoint of range safety and vehicle recovery.

Analytical expressions have been develoged which describe
the behaviot of the ballistic missile[8] The equations are

based upon the Wind Weighting Theory in which the atmosphere be-
tween the surface and Iaﬁ 658 It 138 km) is divided into three
broad layers that are classified for ballistic purposes as low,
medium and high altitude layers. The surface layer extends from
the surface to 112 ft, the medium layer extends from 112 to 2,000

ft while the high layer extends from 2,000 to 100,000 £t. The
average wind in each of these layers affects the trajectory of

the rocket with the larger effects taking place in the lower layers.
It has been found that, with wind conditions existing at WSMR, 76
per cent of the ballistic wind effect on the Arcas rocket trajec-
tory is caused by the winds between the surface and 2,000 ft with
90 per cent of the ballistic wind effect being caused by the winds
up to an altitude of 10,000 ft.
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The low~altitude layer (surface to 112 ft) is further sub-
divided into four layers and a tower mounted wind sensor is placed
at the mid-point cf each layer to furnish wind velocity data for
that particular layer.

The medium-altitude layer (112 - 2,000 ft) is subdivided
into ten equal layers. Wind speed and direction in this height
interval are determined from data obtained by pilot~balloon track-
ing theodolites. This technique has proven feasible since the
horizontal velocity of a helium-~filled balloon at a given altitude
closely approximates the wind's actual velocity at that altitude.
These two theodolites are utilized in tracking the balloon to
give balloon position as a function of time.

The winds in the high~altitude layer (2,000 - 100,000 ft) are
determined by tracking a ballcon-borne radiosonde (Friez Instru-
ments AMT-413) with an AN/GMD Rawin receiver. The GMD records
the azimuth and elevation angles while the height of the balloon
is determined from the time rate of rise of the balloon.

The various components cf the Automatic Rocket Impact Pre-
dictor (ARIP' which has been developed at WSMR are shown in the
block diagram of Figure 22, The computer accepts data from the
three sources (tower mounted wind sensors, pilot-balloon tracking
thecdolites and the GMD) and determines, (1) the atmospheric layer
wind effect and (2) the predicted impact point. The impact point
of the rocket is determined when the effect of the wind in each
layer ils determined. The rocket trajcctory is simulated as if
no wind is present to influence the trajectory and a no~wind im-
pact point is established, A second rocket trajectory is simu-
lated with a one mile/hr wind present throughout the flight and
a unit wind impact point is established. The straight-line dis-
tance between the two simulated impact pcints is defined as the
"unit wind effect", duw.

With the unit wind effect established, the wind effect con-
tributed by each atmospheric layer is determined. A trajectory
is simulated with the unit wind acting upon the trajectory from
the time of launch until the rocket attains an altitude h;. At
altitude h; the unit wind condition is removed and the rocket
completes a simulated flight through a zero-wind envircnment and
impacts at a distance d; from the theoretical no-wind impact
point. The ratio of the distance d; to the distance d,,, dy/dyy.
is termed the percentage unit wind effect due to the atmospheric
layer h; and is defined as the ballistic weighting factor due to
wind in layer h,. A second trajectory is simulated with the unit
wind acting upon the rocket until it reaches an altitude h, > h,.
At altitude h, the unit wind condition is removed and the focke%
completes a simulated flight through a zero-wind environment and
impacts at a distance d, from the no-wind impact point. The per-
centage wind effect due to the layer h, - h; is obtained from the

35

- T ——



t'ﬁ SH3L107d

ql.v 3713084
ViVa ¥3MOL
¥31NdWOD Y3iNdWOD & 1
1OVdWI
viidid oL ¥31101d Q 1ov1S ¢ Al_ ﬁ. S1N3INOJWOD
ﬁ 39VLS "auE A i
¥31101d | _ SLN3NOJWOD .
)
3J9VLS AN2 431ndNO0D X
W3LSAS ALIDO3A %
NOISSINSNYUL ¥31101d aNim Tv8id oo
vLI9I0 asuis 151 [* 3 =
431NdWOD LNdNI TYNNYW
S¥3Li01d NOL.LISOd AANOSLINOON G | %
371408d
ONIM V8l Tvaid 3ANOSNIMVY |
f % -
W3LSAS
NILL VKO 4 SH3A0IN3 Su31vad3d 5
9 _J Wy L avHS oAN3S
viioia AVIILdO 118 €I
1
J &3

FIGURE 22

BLOCK DiAGRAM OF THE AUTOMATIC ROCKET IMPACT PREDICTION SYSTEM
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ratio difference dp/dyy =~ d,/dy,. This procedure is continued
until the ballistic weighting factor of each atmospheric layer :
is determined.

The ballistic weighting factor for a gaiven layer is then
multiplied by the average wind velocity in that layer. The pro-
ducts thus obtained are summed with the resulting gquantity re-
presenting a displacement of the predicted impact point relative
to a theoretical no-wind impact point. Based upon this informa-
tion, the azimuth and quadrant elevation angles for the Arcas
rocket launcher are determined. Figure 23 is a diagram showing
the actual impact points of 116 missiles relative to the predic-
ted point of impact. Out of this number of rocket firings, 26
were fired when the wind at the surface was greater than 10 miles/
hr, 12 were fired when the surface wind was greater than 15 miles/
hr, while 5 were fired when the surface wind was in excess of 20
miles/hr. The mean impact error for all firings was 9.2 miles.

More detailed information concerning the various components

of the ARIP system and their function can be obtained from the
listed references. [7-10]}

vIiI. T HE INSTRUMENT PREPARATTION

AND CALIBRATION FACILITY

The instrument preparation and calibration facility may be
housed at any location which is convenient to the launching pad
and the GMD receiver. This facility at WSMR is located in the
gsame building (location shown in Pigure 7} which houses the GMD
receivers and recorders used for the reception of the transmitted
temperature data from the rocketsonde temperature sensor.

Minimum requirements and equipment at the instrument cali-
bration facility include:

l, a work bench,

2, a resistor box containing resistors whose resistance
values range from 15 k ohms to 10 megohms and which are
known to be correct within at least 1%,

3. a source of 60 cycle/sec a.c. power,

4, a meter for the determination of the transmitter fregquency

5. a calibrated thermometer for the determination of room
temperature to within :0.5°C,

6. a soldering iron and solder,
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7. a supply of instrument base plates,
8. a supply of parachutes and parachute containers,
9. rocket nose-cones,*
10. tools and screws for attaching the instrument package to
the instrument base plate,
11, a voltmeter and ammeter, and
12. a battery test instrument.

Additional desirable equipment would include an oscilloscope, a
refrigerator for instrument storage and a drill press.

vVIII. GROUND-BASED

INSTRUMENTATTION FOR THE

DETERMINAMTTION OF TEMPERAMTURE

AND WIND VELOCITY A S

FUNCTIONS o F ALTITUDE

The rocketsonde temperature telemetry system and supporting
parachute are tracked by three separate systems at WSMR. The
transmitter of the rocketsonde is tracked by the Rawin Set AN/GMD-1
R.F, receiver while the metalized parachute is tracked by M-33 and
FPS~16 radar systems. The M-33 serves as a back-up for the FPS-16.
The recelved and detected signal from the GMD system serves to de-
termine temperature at the instrument position as a function of
time while instrument position (slant range, azimuth and elevation
angles) as a function of time is determined by the radar system,
The combining of the sets of data from the GMD-1 and FPS-16 radar
systems then gives the temperature as a function of altitude while
the position and time data from the radar system serve to deter-
mine the wind velocity as a function of altitude.

A. THE AN/GMD-1 RECEIVER

The Rawin Set AN/GMD-1 which is used in tracking the rocket-
sonde temperature telemetry system is essentially an electronic
theodolite and radio receiver., The directicnal antenna of the
Rawin set: tracks the parachute-borne transmitter which operates
at a nominal frequency of 1680 megacycles/sec. The angles of
azimuth and elevation of the transmitter relative to the receiver
can be determined from the antenna orientation. In addition the

*The supplier for nose-cones, parachutes, parachute containers and
instrument base plates is Atlantic Research Corp., Alexandria, Va.
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Rawin set receives the pulse-modulated R.F. signal from the
rocketsonde, amplifies and detects this signal and passes the de-
tected signal to a calibrated recorder which in turn serves to
translate the detected signal into values of temperature-sensor-
resistance as a function of time; then from the plot of the
temperature-sensor-resistance as a function of temperature, tem-
perature as a function of time is determined. These data coupled
with the position data from the radar system determine the tem-
perature at a given altitude as determined by the rocketsoconde
temperature sensing system.

The development of a sufficiently precise transponder for
the determination of slant range to the instrument package and
parachute is proceeding. The incorporation of the transponder
system into the GMD system which presently measures the azimuth
and elevation angles to the instrument will allow the determina-
tion of temperature and wind velocity as functions of altitude
at locations where radar systems are not available.

A photograph and block diagram of the AN/GMD-lA set are
shown in Figures 24 and 25. The set is divided into five systemns
to include antenna, receiving, antenna positiocning, position in-
dicating and recording (azimuth and elevation angles), and meteor-
ological data transmission systems,

1. The Antenna System

The antenna system consists of a parabolic reflector, an
eccentric cup which is rotated by a drive motor and hollow drive
shaft, a dipole antenna and transmission line. The rocketsonde
transmitter transmits a pulse modulated R.F. signal (1680 mega-
cycles/aec). The antenna lobe (received signal intensity pattern)
rotates slowly. When the rocketsonde is in line with the elec-
trical axis of the antenna reflector, the signal intensity of
the dipole has a constant value; when the rocketsonde drifts to
a point off the electrical axis of the antenna reflector, the
intensity of the signal at the dipole varies with the rotation of
the eccentric cup. Some of the R.F. energy from the transmitter
is received by the parabolic reflector and reflected to the dipole
antenna. A% a result, the amplitude of the R.F. signal at the
dipole takes the shape of{ a modulated sinusoidal wave., The rela-
tive phase and amplitude of the sinusoidal modulation is indica-
tive of the angular distance of the rocketsonde transmitter from
the axis of the antenna.

2, The Receiving System

In the receiving system, the modulated wave is beaten against
the output of the local oscillator to produce a 30 megacycle/sec
I.F. which retains the pulse modulation and amplitude variations.
The I.F. signal 1s then amplified and detected and the demodulated

40



PHOTOGRAPIH

FIGURE

O ML

24

"NUCMb-1 A SET



ANTENNA (R-F)
SYSTEM

REGEIVING
SYSTEM

METEOROLOGICAL
DATA

TRANSMISSION
SYSTEM

RAWIN SET AN/GMD-IA, SYSTEMS

|

POSITION

. ANTENNA
POSITIONING
SYSTEM

FIGURE 25

42

INDICATING
AND

RECORDING,

SYSTEM




signal (30 cycle/sec sine wave and pulses) is passed to the an-
tenna positioning system and to the meteorological data trans-
mission system. The receiving system also contains an AFC
¢lrcuit to maintain a constant 30-m¢/sec I.F. and a service
meter for checking various currents and voltages present in the
Rawin set.

3. The Antenna Positioning System

The antenna positioning system receives the detected sinu-
soidal signal from the receiving system. It rejects the pulse
modulation and then amplifies and compares the sinusoidal content
with two reference voltages from the reference voltage genera-~
tors. These reference voltages correspond to the elevation and
azimuth components of the position of the antenna axis. This re-
sults in two dc voltages, one for elevation and one for azimuth.
The magnitude and polarities of these voltages are indicative of
the magnitude and direction of the angular difference of the
radiosonde with respect to the electrical axis of the antenna.
The azimuth error voltage is applied to the azimuth drive to
position the antenna reflector in azimuth. The elevation error
voltage is applied to the elevation drive to position the an-
tenna in elevation. Since the position of the rocketsonde is
constantly changing, the azimuth and elevation drives are con-
stantly positioning the antenna reflector to track the rocket-
sonde. Error voltages can also be introcduced sc as to manually
track the rocketsonde.

4. The Pesition Indicating and Recording System

The elevation and azimuth angles of the antenna are indi-
cated and recorded by the Rawin set and are recorded at succes=-
give instants of time,

5. The Meteorological Data Transmission System

The meteorclogical data transmission system receives the
detected signal from the receiving system, It then rejects the
sinusocidal modulation for antenna positioning, shapes and ampli-
fieg the meteorological pulses and passes them to the meteorclo-
gical recorder. The meteorological recorder (which is not an
integral part of the Rawin set) converts the pulses, whose rate
is determined by the sensor resistance, into a graphical repre-
sentation of sensor resistance as a function of time. More
detailed information concerning this receiving system can be
found in the technical manual concerning the receiver{ll].

6. The Meteorological Recorder AN/TMQ-5

The meteorological recorder AN/TMQ-5 is used in conjunction
with the AN/GMD-1 receiver. A photograph anrnd block diagram of
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the recorder are shown in Figures 26 and 27, The variable-rate
pulses from the receiver are fed to the frequency converter of
the recorder which converts them to a dc voltage. The value of
the dc voltage at any instant is proportional to the pulse fre-
quency which created it. This dc voltage excites a servo system
that positions a pen whose displacement from its zero position

on a calibrated chart is again proportional to the pulse fre-
guency which in turn was determined by the value ¢of the temperature-
sensor-resistance in the rocketsonde. The determination of the
recorder pen position as a function of time, (.mbined with the
pre-flight calibration of the recorder giving recorder pen posi-
tion as a function of the rocketsonde-sensor-resistance, serves
to determine sensor-resistance as a function of time. The com-
bining of these data with the sensor calibration (giving sensor
resistance as a function of temperature) and with the position

of the instrument as a function of time (as determined from the
radar track of the radar-reflective rocketsonde parachute) serves
to determine the temperature as a function of altitude.

Detailed information concerning the metecrological recorder
can be found in the technical manual [l12] concerning the recorder.
A more detalled discussion of the recorder calibration is given
in Section X, TYPICAL PROCEDURES FOR ROCKET LAUNCHING AND DATA

ACQUISITION.
B. RADAR SYSTEMS FOR THE DETERMINATION OF INSTRUMENT POSITION

Several types of radar systems are currently in use for the
determination of instrument position at the various stations of
the Meteorological Rocket Network. They are the mobile systems
M~-33 (X-band), AN/MPQ-12 (X=-band), AN/MPQ-12 & 18 (S-band) and
the stationary system AN/FPS=-16 (C-band). The pertinent char-
acteristics of these radar systnma are given in Table 3. Cur-
rently the FPS~16 radar gsystem is the one most suitable for
tracking meteorological rockets, in that it can skin~track the
rocket during its flight and then immediately track the wind
sensor at the time of its expulsion £from the rocket. A proto-
type slaving unit has been developed by Duff* for use in conjunc-
tion with the M-33 Radar system. This unit slaves the radar
system to the GMD system, thus greatly reducing the possibility
of losing the rocket after it is launched. All of the above
radar systems determine instrument position (in terms of slant
range, r, azimuth angle, ¢, and elevation angle 0) as a function
of time.

*Information concerning the development of this system can be
obtained from A. Duff, Upper Atmosphere Research Division, White
Sands Missile Range, New Mexico,
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Two methods are used at WSMR to record the instrumént posi-~-
tion as a function of time. In one, the position data are fed
to the FPS-16 computer which converts spherical coordinates of
position (r,¢,6) to the Cartesian coordinates of position (x,y,z).
Here %, y and 2z are the east-west, north-south and altitude coor=-
dinates respectively. These position coordinates are displayed
on two plotting boards of the FPS-16 system in terms of an (x,y)
plot and (r,z) plot. Time corresponding to these positions, as
determined by a central range timing system, 1s marked at suc-
cessive intervals on both plotting boards. From these data the
instrument position and the east-west and nor